It is of interest to know· if some relationship can be determined which might predict the effect of carbide at the grain boundary on impact toughness or the resistance to crack propagation.
In the course of analyzing the cleavage fracture problem with respect to grain size effects, it was discovered that the effect of carbide thickness could also be determined using a relationship developed by Almond et al. 2 describing the effect of carbide thickness on the fracture stress. However, there was little significant data found to test this relationship. Somewhat later,_Jt came to our attention that :":o." '"' some data concerning the effect of carbides on impact toughness had been published by Karchner and Stephenson 3 in Mo-B-V steels. The.
following discussion demonstrates that the proposed theory is indeed compatible with this new information.
II; RESULTS AND DISCUSSION
. ' 4 Gerberi.ch. et al. developed a relat~onship describing the critical·, 1'':gion ahead of the crack front in which non-propagating cleavage,:., .
1/;r}_~,,
• J:,:l.crocracks occurred before unstable fracture. This is given by
K is the critical stress intensity for unstable cleavage and is re.lated to the plastic flow in the critical microcrack region, nd, d
'being the grain diameter. The plastic flow in the region, nd, elevates <II.
- 
where kt is 685 psi-in 112 , tis the carbide thickness at the grain boundary, a~~ yeff is Cotrell's effective surface energy for ferrite· being about 0.114 lb/in (20,000 dyne/em). Thus if the yield stress is known, the stress intensity may be determined from equations (1)~ (2) and ( 3).
This development can now be applied to Karchner and Stephenson's cia-ca. 3 These Mo-B steels exhibited an increasing carbide size at the grain boundary as the vanadium content was increased from o% to 0.33%.
Also, an increase in the vanadium content resulted in an increase in both the hardness and yield strength as well as a higher transition -4- UCRL-19139 For the theoretical determination of KIC' several constants had to be determined. A o value of 120,000 psi was obtained by Karchner and ys 3
Stephenson at room temperature. For the -~0°F analysis, this a value ys was adjusted to 130,000 ps~ by taking into account an additional 10,000 psi due to an increase in the thermal component of the yield strength as suggested by the data of WesselS on s.imilar steels. The size of the criti~al microcrack region, nd, found by applying equation (2) ( 3), the cleavage fracture stress was calculated and is tabulated in Table I, for varying carbide thicknesses and vanadium content. The stress intensity values as a function of carbide thickness were then calculated using the cleavage fracture stress values in equation (1) . The resulting curve of stress intensity, KIC' versus carbide thickness, t, shown in Fig. 2 is seen to agree well with the experimental data. The fact that the data is nearly in perfect quantitative agreement is undoubtedly
-5- UCRL-19139 fortuitous because of the many assumptions and uncertainties involved. The important factor to be accentuated is that the trend in the data is almost exactly predicted, which lends support to the theoretical interpretation of the effect of carbide boundary thickness on crack propagation resistance. 1_, 77-107 (1968) . c i :
w .... ( 3) on Mo-B -V STEELS TESTED AT -50°F. .. 
